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Motivation

How can our feedback processors accurately determine the vector of
fundamental RF picked up by the cavity Field Probe?

Downconvert

High signal levels generate distortion in mixer
Low signal levels have high white background noise

Direct sample

Relatively large contribution from clock jitter
Noise integrated over full T/H bandwidth

Sigma Delta?

Not for sale
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Accurate (Relative) Phase Measurement

Digitize the reference!

ADCCavity

ADCPhase Ref
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Accurate (Relative) Phase Measurement

Calibrate long cables and active components in-situ!

ADCΣCavity

Σ

ADCΣPhase Ref

Pilot
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Noise Power Density
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Mixer Behavior
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Distortion

Memory-less distortion model function

f (x) = x + a3x
3

Slight generalization for complex numbers (radio)

f (x) = x · (1 + a3|x |
2)

includes AM-PM conversion term (imaginary part of a3)
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Distortion

ω1 ω2

b1 b2
Input:

ω1 ω2

Output:

2ω1−ω2 2ω2−ω1

s1 s2

sHsL

sL = a3b
2
1b

∗

2

s1 = b1
[

1 + a3(|b1|
2 + 2|b2|

2)
]

s2 = b2
[

1 + a3(|b2|
2 + 2|b1|

2)
]

sH = a3b
2
2b

∗

1

If we measure sL, s1, s2, sH then it’s possible to estimate a3.
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Distortion compensation

If y = f (x) = x · (1 + a3|x |
2), define

g(y) = y · (1− a3|y |
2)

then
g(f (x)) = x + O(x5)
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Implementation - top level

Correct
Complex

Arith.
DCCavity ADC

Fourier
Analysis

h1 h2

Distortion sL s1 s2 sH

Cavity
Corrected

Voltage
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Implementation - distortion correct

ADC

h1 h2

h1+h2z
-1

Σ

FIR
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Implementation - complex arithmetic

32-entry Register File
1W/2R

x

+/-

approx

1/x

<<n

const

input

result latch

result latch

output

heavily pipelined data path
128 cycles per run

359 LUTs
in Spartan-6:

1 DSP48A1
0 Block RAM

a3 = a3 + D/2 · (sL/(s
2
1 · s

∗

2 ) + sH/(s
2
2 · s∗1 ))

(

h1
h2

)

=

(

1 cos θ
0 sin θ

)

−1 (
ℜ(a3)
ℑ(a3)

)
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Implementation

Multiplier count
1 square
0 FIR filter to get magnitude
2 FIR filter based on a3
1 signal multiplier
4 downconvert upper and lower IM sideband
1 complex arithmetic computer
9 total

(assumes downconversion of unknown and pilot tone are a given)
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Noise Power Density
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Conclusions

Apologies that this turned into only a theory talk

FPGA code is recently completed and ready for lab tests

Promising way to cheat traditional tradeoff between distortion and noise

Thank You!
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